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The f i r s t  p roduc t  under  the condi t ions  of O ,S -a ry l a t i on  of mono th ioba rb i t u r i c  ac id  is 5 - a r y l -  
h y d r a z o n o m o n o t h i o b a r b i t u r i c  ac id .  S - a r y l a t i o n  then o c c u r s  to fo rm the S - a r y l  e s t e r  of 5-  
a r y l h y d r a z o n o m o n o t h i o b a r b i t u r i c  ac id .  F u r t h e r  a ry l a t i on  l eads  to  the O , S - d i a r y l  e s t e r s  of 
5 - a r y l h y d r a z o n o m o n o t h i o b a r b i t u r i c  ac id .  These  e s t e r s  a r e  hyd ro lyz e d  under  the influence 
of a c id s ,  a lka l i s ,  or  h y d r a z i n e  hydra t e  to th iophenols  and phenols .  

We have  p r e v i o u s l y  shown [1] that  subs tances  that  a r e  capab le  of t h i o a m i d e - i m i d o t h i o l  t a u t o m e r i s m  
can be a r y l a t e d  with  benzened iazon ium s a l t s  at  the su l fur  a tom and that  the c o r r e s p o n d i n g  c a r b o x y l i c  ac id  
a m i d e s  can be a r y l a t e d  at  the oxygen a tom [2,3]. In a l ipha t ic  compounds  [2] [RC (----O)CH2C (=S)NHR] in 
which the t h ioamide  group  is  s e p a r a t e d  by a methy lene  group  f rom the ca rbony l  group,  the methy lene  group 
f i r s t  r e a c t s  with the benzened iazon ium sa l t  to fo rm the c o r r e s p o n d i n g  a r y l h y d r a z o n e .  The next  s t ep  is S -  
a r y l a t i o n .  The ca rbony l  group does not en t e r  into the r eac t ion  because  of the fo rmat ion  of an a r y l h y d r a z o n e  
and the i m p o s s i b i l i t y  of eno l iza t ion .  I t  s e e m e d  of i n t e r e s t  to d e t e r m i n e  the sequence  of the r e a c t i o n  of the 
benzenediazomium cation with three or more of the enumerated groupings closed into a cyclic compound. 
We studied this in the case of the reaction of benzenediazonium salts with monothiobarbituric acid (I). 

It was established that under the conditions of O,S-arylation, as under the usual conditions [5], the 
active methylene group reacts first with the arenediazonium cation to form 5-arylhydrazones of monothio- 
barbituric acid (II). The yields of the latter are almost quantitative (Table 1). Their structures were 

proved by the preparation of the known hydrazone II (Ar = C~Hs). 
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As in a l ipha t ic  compounds  that  contain th ioamide  and amide  g roups ,  the th ioamide  group  p roved  to be 
m o r e  r e a c t i v e  in O , S - a r y l a t i o n .  This  is  p roved  by the fact  that  a r y l h y d r a z o n e s  II fo rm S - a r y l  e s t e r s  of 5-  
a r y l h y d r a z o n o m o n o t h i o b a r b i t u r i c  ac id  (HI, Table  2) with a second  a r e n e d i a z o n i u m  molecu l e :  
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The structures of esters III were confirmed by their alkaline and acidic hydrolysis. A thiophenol 
(ArSH) and an arylhydrazone of barbituric acid (IV), also obtained by alternative synthesis from barbiturie 

acid and the arenediazoninm salt, were isolated as a result of hydrolysis. 
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TABLE 1. 

H 
CI 
NO2 
CHa 
SOaNa 
H 
CI 

found 

S >300 
>240 

S >300 
>300 

oS >300 
286 

O >300 

O 

P'P-vC6H4NHN =<  ~-~=X 

II N 
o 

mp, ~ 

aec. to [5] 

240 
240 
240 
240 a 
2846 

b 

Empirical formula 

CIoHaN40~S 
CloHTCI'N40~S 
CIoHzNsOoS 
CnHIoJN4OeS 
CIoHeNaN4OsS 
CIoHs'N403 
C~oHvC1N40~, 

aFound%: N 15.8, 15.8. Calculated%: N 16.0. 
bFound %: N 20.8, 20.6. Calculated%. N 21.0. 

TABLE 2. 

O li 
E-N  

p-r%niNffN=c( '~c--s%H4 R'-p 
XC_ N 

I[ it 
o 

Yield, % 

90 
80 
90 
88 
90 
83 
87 

No. 

H 
NO2 
CH3 

R' rap, ~ Empirical formula N found, % N cale.,~ 

CH3 gH3o 
H 
CHa 

116--117 a C17Ht4N40~:S 15,9; 16,1 
114--115 a CITHI4N403S 16,9; 17,0 
200--2016 CI6HI2CIN402S 16,0; 16,0 

2 1 0 6  C16HHN504S t9,3; 19,3 
2 3 2 6  CIsH16N4O~S 15,8; 16,0 

16,6 
16,8 
15,6 
19,0 
15,9 

aFrom benzene. 
bFrom ethanol. 

TABLE 3. 
o II 
/C-N\ kx 

D-RC H NHN~C ~--SC~H4R"P 
6 ,~ \(~=N / 

OE~lt4R' 

Yield, % 

8 
8 

14 
9 

30 

No. R R' rap, ~ Empirical formula 

6 
7 
8 
9 

l0 
ll 
12 
13 

H 
H 
H 
H 
H 
H 
H 

N0= 

CH3 
CH30 
C2HsO 
NO2 
Br 
CI 
C2HsOCO 
C1 

95--96 
61--62 

78 
131--132 
107--108 
78--79 
84--85 

167 
(dee.) 

C24H2oN402S 
C~4H20N404S 
C26H21N404S 
CmH~4N606S 
C22HI4Br~N402S 
C2~HI4C12N402S 
C28H24N40~S 
C22HI~C12NsO4S 

N 
N found, % calc., Yield, % 

% 

13,1; 13,2 13,1 6 
12,7; 12,5 12,2 5 
111; 111 115 24 
17,6; 17 ,7  17:ll 10 
lO,O; t0,0 10,0 14 
12,4; 12,4 11,9 16 
10,4; 10,4 10,3 7 
13,5; 13,3 13,6 11 

W h e n  t w o  m o l e c u l e s  o f  a l k a l i  a n d  t w o  m o l e c u l e s  o f  a r e n e d i a z o n i u m  s a l t  a r e  i n t r o d u c e d  in to  t h e  r e a c -  

t i o n  o f  a r y l h y d r a z o n e s  I I ,  o n e  of  t h e  a m i d e  g r o u p s  o f  t h e  a r y l h y d r a z o n o m o n o t h i o b a r b i t u r i c  a c i d  i s  O - a r y l a t e d  

t o  f o r m  O , S - d i a r y l  e s t e r s  o f  5 - a r y l h y d r a z o n o m o n o t h i o b a r b i t u r i c  a c i d  ( 2 - a r y l t h i o - 5 - a r y l h y d r a z o n o - 6 - a r y l -  " 

o x y - l , 3 - d i a z i n - 4 - o n e s )  (V, T a b l e  3):  

0 
11 

/c-N 
+ "'-'-, -"t2(Ar'N~N)+X- ArNffN=C~c-~$--Ar '  . ~ 2~.o. : -_-~-  - -T~ .  
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A phenol, a thiophenol,  and an ary lhydrazone  of ba rb i tu r i e  acid (IV) were  obtained from the l a t t e r  as 
a r e s u l t  of a lkal ine  or acid hydro lys i s .  

The ary la t ion  of a ry lhydrazones  II at the sulfur  and oxygen atoms i n c r e a s e s  the so lubi l i t ies  of the r e -  
action products  in the same  organic  solvent .  This made it  poss ib le  to separa te  the react ion products  by 
both repea ted  ext rac t ions  and by the use  of chromatography on a luminum oxide. 

It should be noted that a fur ther  i n c r e a s e  in the amount of a r ened iazon ium sa l t  in t roduced into the r e -  
action with the sodium sal t  of 5 -a ry lhydrazonomonoth iobarb i tu r i c  acid (II) did not r e s u l t  in a ry la t ion  at the 
oxygen atom of the second amide group of this acid.  This indicates  that O-ary la t ion  does not  occur  if the 
amide group in the compound is not capable of a m i n o - i m i d o l e  t a u t o m e r i s m ;  this a lso occur red  in the case  
of the exhaust ive O,S-ary la t ion  of a ry lhydrazone  II with a rened iazon ium sa l t s .  The stepwise format ion  of 
f i r s t  the S - e s t e r  III and then the O,S-d ies te r  V led to the fact that an imide group that was incapable  of 
t au tomer ic  t r a n s f o r m a t i o n s  was formed in the l a t t e r  (instead of an amido group) in the 2,4 posi t ion of the 
diazine r ing  of III. 

The hydraz ino lys i s  of e s t e r s  III and IV in excess  hydraz ine  hydra te  with heating gave thiophenols (ArSH). 

EXPERIMENTAL 

5-Arylhydrazonomonothiobarbituric Acid (II). Thiobarbifuric acid (0.014 mole) was dissolved in 25 ml 
of 1% sodium hydroxide, and 25 ml of water and 50 ml of acetone were added. After 1 h, 6 g of sodium 

acetate was sprinkled into the solution, and the mass was cooled to 0 ~ A solution of an arenediazonium 

salt (from 0.014 mole of arylamine, 2-3 ml of water, 4 ml of concentrated hydrochloric acid, and 0.88 g of 
sodium nitrite in 3 ml of water and 5 g of ice; the diazotization time was 1 h) was then added slowly to it 

with stirring. An acetone-insoluble precipitate began to form immediately. After 12 h the precipitate was 
removed by filtration, washed with 100 ml of distilled water, and air dried. It was then reprecipitated by 

the addition of hydrochloric acid to a solution in 10% sodium hydroxide (I00 ml) and recrystallized from 
ethanol. 

The p-sulfophenylhydrazone was recrystallized from 30 ml of 40% alcohol. 

The 5-arylhydrazonomonothiobarbituric acids (Table l) were yellow crystalline substances that were 
soluble in alcohol, pyridine, dioxane, and alkalis, slightly soluble in acetone, and insoluble in benzene and 
ether. 

5-(p-Chlorophenylhydrazono)barbituric (IVa) and 5-phenylhydrazonobarbituric acid (IVb) were 

similarly obtained, but barbituric acid was introduced in place of thiobarbituric acid in the reaction with 
the arenediazonium chloride. 

Arylhydrazonobarbituric acids IVa,b were also obtained as a result of hydrolysis of the aryl esters of 
these acids (III and V, see below). 

S-Aryl Esters of 5-Arylhydrazonomonothiobarbituric Acid (IH-2-Arylthio-5-arylhydrazono-l,3- 
diazine-4,6-diones) (Ill, Nos. 3-5, Table 2). Sodium hydroxide (0.002 mole) in 2 ml of water was added to a 
solution of 0.002 mole of 5-phenylhydrazonomonothiobarbituric acid in 400 ml of acetone, and I00 ml of 
water was then added to dissolve the precipitate. After 2 h, 0.17 g of sodium acetate was added to the solu- 
tion. The mixture was cooled to 0 ~ and a solution of arenediazonium salt (from 0.002 mole of arylamine, 

0.5 ml of concentrated hydrochloric acid, 0.13 g of sodium nitrite in 2 ml of water and 5 g of ice; the di- 
azotization time was 1 h) was added with stirring. After 12 h the acetone was vacuum evaporated. The pre- 

cipitate was removed by filtration, washed with I0 ml of distilled water, dried at room temperature, and 
dissolved in 5 rnl of ethanol. The solution was filtered, and the filtrate was evaporated to dryness. The 
operat ion was repeated  three  t i m e s .  

The S-(p-tolyl)  e s te r  of 5 -phenylhydrazonomonoth iobarb i tur ic  acid (No. 1, Table 2), the S - (p -me th -  
oxyphenyl) e s t e r  of 5- (p-methoxyphenyl )hydrazonomonothiobarb i tur ic  acid (No. 2, Table  2), the O,S-di(p-  
tolyl) e s t e r  of 5 -phenylhydrazonomonoth iobarb i tur ic  acid (No. 6, Table 3), and the O,S-di-(p-methoxyphenyl)  
e s t e r  of 5 -phenylhydrazonomonoth iobarb i tur ic  acid (No. 7, Table 3) were  s i m i l a r l y  obtained. After  evapo ra -  
tion of the acetone,  the oil was col lected and dissolved in 30-50 ml  of benzene .  The solution was f i l tered to 
remove  the solid, and the f i l t ra te  was chromatographed on a luminum oxide (layer height 6 cm,  column d i a m -  
e te r  1 cm).  The f i r s t  (upper) and second zones were  cut out, and the reac t ion  prqducts were  ex t rac ted  f rom 
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t hem wi th  30-40 ml  of ace tone .  E s t e r s  Nos .  1 and 2 w e r e  obta ined  f rom the f i r s t  zone,  and d i e s t e r s  Nos .  6 
and 7 w e r e  obta ined f rom the second  zone .  

E s t e r s  III (Table 2) a r e  r e d  or  l i gh t -b rown ,  c r y s t a l l i n e  subs t ances  that  a r e  so lub le  in ace tone ,  b e n ,  
zene,  a lcohol ,  e thanol ,  and dioxane and insoluble  in w a t e r .  The i r  so lub i l i t i e s  a r e  lower  than the so lub i l i t i e s  
of O , S - d i a r y l  e s t e r s  V but  much h ighe r  than those  of 5 - a r y l h y d r a z o n o m o n o t h i o b a r b i t u r i c  ac id  (II). 

O , S - D i a r y l  E s t e r s  of 5 - A r y l h y d r a z o n o m o n o t h i o b a r b i t u r i c  Ac id  (V, Nos .  8-13, Table  3). The a r y l -  
h y d r a z o n o m o n o t h i o b a r b i t u r i c  ac id  (0.005 mole)  was d i s s o l v e d  in 30 ml  of 1% sod ium hydrox ide ,  and 400 ml  
of 50% aqueous ace tone  was added.  Af t e r  1 h, the  solut ion was cooled  to 0 ~ 1.8 g of sod ium ace ta t e  was 
added,  and a solut ion of an a r e n e d i a z o n i u m  sa l t  (from 0.02 mole  of a r y l a m i n e ,  4 ml  of c o n c e n t r a t e d  h y d r o -  
c h l o r i c  ac id ,  and 0.7 g of sod ium n i t r i t e  in 5 ml  of w a t e r  and 10 g of i ce ;  the d i azo t i za t ion  t ime  was 1 h). 
A f t e r  18 h, the p r e c i p i t a t e  was r e m o v e d  by f i l t r a t i on ,  washed  with 50 ml  of d i s t i l l e d  w a t e r ,  d r i ed ,  ground 
thorough ly ,  and m i x e d  with  50 ml  of ace tone .  A f t e r  30 rain,  the so lu t ion  was  f i l t e r e d  to  r e m o v e  the i n -  
so lub le  m a t e r i a l ,  and the f i l t r a t e  was e v a p o r a t e d  to d r y n e s s .  The r e s i d u e  a f t e r  evapora t ion  of the acetone 
was  t r e a t e d  in the s ame  fashion two m o r e  t i m e s  and d r i e d  at  r o o m  t e m p e r a t u r e .  

The s y n t h e s i z e d  d i e s t e r s  (V, Table  3) a r e  brown or  d a r k - b r o w n  c r y s t a l l i n e  s u b s t a n c e s .  They a r e  
qui te  so lub le  in ace tone ,  d ioxane,  benzene ,  a lcohol  and inso lub le  in w a t e r .  

A lka l ine  H y d r o l y s i s  of the S - (p -Ch lo ropheny l )  E s t e r  of 5 - P h e n y l h y d r a z o n o m o n o t h i o b a r b i t u r i c  Ac id .  
Sodium hydrox ide  (0.04 g) was d i s s o l v e d  in 5 ml  of e thanol ,  0.18 g of the S - (p -ch lo ropheny l )  e s t e r  of 5-  
p h e n y l h y d r a z o n o m o n o t h i o b a r b i t u r i c  ac id  was added,  and the m i x t u r e  was r e f luxed  on a wa te r  ba th  for 2 h. 
The m a s s  was cooled  and f i l t e r e d  to r e m o v e  the inso lub le  m a t e r i a l .  The f i l t r a t e  was ac id i f ied ,  and a 
double volume (with r e s p e c t  to the volume of the r e a c t i o n  m a s s )  of w a t e r  was added,  p -Ch lo ro th iopheno l  
began to p r e c i p i t a t e  i m m e d i a t e l y .  It was r e m o v e d  by  f i l t r a t ion  and d r i e d  to give 30~c of a p roduc t  with m p  
51 ~ (rap 53-54 ~ [7]) that  gave a qua l i t a t ive  r eac t ion  for  a th iophenol .  A f t e r  40 rain,  33% of pheny lhydrazono-  
b a r b i t u r i c  ac id  (IVb) wi th  m p  286 ~ (mp 284 ~ [6]) p r e c i p i t a t e d  f rom the m o t h e r  l i quo r .  The p roduc t s  did not 
d e p r e s s  the me l t i ng  poin ts  of authent ic  s a m p l e s .  

Ac id  H y d r o l y s i s  of the  O , S - D i - ( p - b r o m o p h e n y l )  E s t e r  of 5 - P h e n y l h y d r a z o n o m o n o t h i o b a r b i t u r i c  Acid .  
A 0.5 g s a m p l e  of the O , S - d i - ( p - b r o m o p h e n y l  e s t e r  of 5 -phe ny lhyd ra z onomono th ioba rb i t u r i c  a c i d  was added 
to a solut ion of 0.2 m l  of c o n c e n t r a t e d  h y d r o c h l o r i c  ac id  in 10 ml of e thanol ,  and the mix tu r e  was r e f luxed  
on a w a t e r  bath  for  3 h. Cool ing p r e c i p i t a t e d  50~ of p h e n y l h y d r a z o n o b a r b i t u r i c  ac id  (IVb) with mp 286 ~ 
(from e thanol ) .  This  p roduc t  did not  d e p r e s s  the me l t i ng  point of an authent ic  s a m p l e .  

The a lcohol  m o t h e r  l i quor  was doubly d i lu ted  with  w a t e r  and e x t r a c t e d  with  d ie thyl  e t h e r .  The e t h e r  
was e v a p o r a t e d  to g ive  an oi ly  r e s i d u e  with a s h a r p  thiophenol  odor  that  gave a qua l i t a t ive  r e a c t i o n  for  t h i o - -  
phenol [8] and phenol  [9]. To r e m o v e  the phenol,  the m a s s  was a l lowed to s tand  in the  a i r  for oxidat ion to 
the d i su l f ide  until  the odor  of thiophenol  van ished ;  the p - b r o m o p h e n o l  was  then e x t r a c t e d  f rom i t  with di lute  
a lka l i ,  and was i so l a t ed  by  ac id i f i ca t ion  with h y d r o c h l o r i c  ac id  and d e t e r m i n e d  by qua l i t a t ive  r e a c t i o n s  for  
phenols  [10]. The a l k a l i - i n s o l u b l e  d i su l f ide  was d i s s o l v e d  in ace t i c  ac id ,  hyd roc h lo r i c  ac id  was added,  and 
the d i su l f ide  was r e d u c e d  with  zinc dus t .  A g r a i n  of sod ium n i t r i t e  was added,  and the co lo r  change ind i -  
ca t ed  the p r e s e n c e  of a th iophenol  [8]. 
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